Engineered cartilage based on adult mesenchymal stem cells (MSCs) is an alluring goal for the repair of articular defects. However, efforts to date have failed to generate constructs with sufficient mechanical properties to function in the demanding environment of the joint. Our findings with a novel photocrosslinked hyaluronic acid (HA) hydrogel suggest that stiff gels (high HA concentration, 5% w/v) foster chondrogenic differentiation and matrix production, but limit overall functional maturation due to the inability of the formed matrix to diffuse away from the point of production and form a contiguous network. In the current study, we hypothesized that increasing the MSC seeding density would decrease the required diffusional distance, and so expedite the development of functional properties. To test this hypothesis bovine MSCs were encapsulated at seeding densities of either 20,000,000 or 60,000,000 cells ml -1 in 1%, 3%, and 5% (w/v) HA hydrogels. Counter to our hypothesis the higher concentration HA gels (3% and 5%) did not develop more rapidly with increased MSC seeding density. However, the biomechanical properties of the low concentration (1%) HA constructs increased markedly (nearly 3-fold with a 3-fold increase in seeding density). To ensure that optimal nutrient access was delivered, we next cultured these constructs under dynamic culture conditions (with orbital shaking) for 9 weeks. Under these conditions 1% HA seeded at 60,000,000 MSCs ml -1 reached a compressive modulus in excess of 1 MPa (compared with 0.3-0.4 MPa for free swelling constructs). This is the highest level we have reported to date in this HA hydrogel system, and represents a significant advance towards functional stem cell-based tissue engineered cartilage.
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Introduction
Articular cartilage injuries and disease result in focal defects with limited intrinsic capacity for regeneration. The presence of a defect requires that adjacent cartilage bear an increased proportion of the joint load [1], which increases local stresses and the likelihood of continued degeneration and the development of osteoarthritis [2, 3] . An ideal repair material would completely integrate to fill the defect with a cartilage-like material possessing functional load-bearing characteristics [4] . However, meeting this high benchmark for functional repair remains an elusive goal. Current regenerative strategies that deliver ex vivo expanded autologous chondrocytes (ACI/ACT) [5] or promote endogenous healing via bone marrow stimulation (microfracture) [6] may improve patient outcomes in the short term, but functional restoration of the tissue has yet to be demonstrated [7] .
An alternative approach is to engineer de novo cartilage in vitro for implantation within a cartilage defect. Indeed, recent work utilizing chondrocytes under specialized media conditions and in three-dimensional (3D) hydrogels has produced constructs that match or exceed native tissue values for equilibrium modulus and proteoglycan (PG) content [8] [9] [10] [11] . However, the clinical shortage of healthy chondrocytes and the co-morbidity associated with their harvest [12] are considerable limitations. Mesenchymal stem cells (MSCs) are a precursor cell population that can be obtained from patient bone marrow and expanded in vitro to clinically relevant numbers without losing their ability to undergo chondrogenic differentiation [13] . MSCs have been combined with countless biomaterials for cartilage tissue engineering [14] , but no such combination has yet achieved mechanical properties that approach native tissue or engineered chondrocyte-based cartilage [15, 16] .
